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The  series  of  papers,  "Nuclear  Notes,’*  prepared  by  the  US  Aray  Nuclear  Agency  is  Intended  to 
clarify  and  explain  various  aspects  of  nuclear  weapons  pheuoiaenology  and  xisage.  These  papern  are 
prepared  In  as  nontechnical  a fashion  as  the  subject  Mtter  permits.  They  are  oriented  toward  an 
audience  assumed  to  be  responsible  for  teaching  or  In  some  way  evaluating  the  tactics  and  techniques 
of  employing  nuclear  weapons  In  a conflict  situation.  Their  dissemination  will  hopefully  provide 
to  the  US  Army  accurate,  up-to-date  Information  of  critical  lxs('ortance  to  a reasoned  understanding 
of  nuclear  weapons  on  the  battlefield. 

The  nrlnclnal  author  <if  this  paper  Is  OPT  Forest  Q.  ThoaDsoi\\  Jr.  of  the  US  Army  Nuclear  Agency, 
Comments  and  views  of  readers  are  desired  and  should  be  forward^  Co:  Deputy  Commander,  US  Army 
Nuclear  Agency,  Fort  Bliss,  Texas  79916. 


WALTER  G.  PARKS 
Colonel,  AD 
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^ WHAT  IS  ra:.nout? 

Of  the  many  nuclear  phenomena,  on^lthat  has  been  receiving  increased  attention  In  the  nuclear 
effects  comnunity  is  called  "RAINOUT . '''Broadly  speaking,  rainout  is  the  deposition  on  the  earth's 
surface  of  radioactive  particles  (resulting  from  nuclear  weapons  bursts)  through  interactions  of 
these  particles  with  raindrops  and  rain  clouds,  fiweh  a .^ihennmennr  Is  met-asw..  la  fa^j>  for  the 
atmospheric  nuclear  tests  performed  in  the  past,  the  possibility  of  rainout  was  recognizM  and  then 
deliberately  minimized  by  delaying  the  test  when  local  precipitation  existed  in  order  to  avoid  any 
potential  rainout  hazard  outside  the  test  area.  As  a consequence,  little  useful  rainout  data  were 
obtained  from  these  tests.  The  end  result  was  a phenomenon  recognized  qualitatively  to  be  a poten- 
tial hazard,  but  of  unknown  intensity  and  extent. 


WHY  IS  RAINOUT  OF  CONCERN? 


7 Recently,  the  scientific  effort  in  the  rainout  area  has  been  increased  in  order  to  determine 
the  extent  of  potential  militarily  sigiilflcant  hazards  and  to  develop  a better  understandi.ig  of  the 
phenomenon.  Research  indicates  that  in  some  cases,  rainout  can  cover  large  areas  with  militarily 
signlflcantT^resldual  radiation  hazards.  With  this  in  mind,  the  military  aignlflcance  of  rainout 
should  be  uno^stood  when  employing  nuclear  weapons  because  of  its  far-reaching  potential  hazard  to 
personnel.  ThV  following  discussion  describes  the  rainout  process,  its  potential  hazards,  and  its 
military  significance  in  the  theater  of  operations. 


WHAT  IS  A MILITARILY  SIGNiriCANT  RADIATION  HAZARD? 

A militarily  significant  radiation  hazard  is  a hazard  of  radioactive  contamination  capable  of 
inflicting  radiation  doses  on  personnel  which  may  result  in  a reduction  of  their  combat  effectiveness 
(l.e.,  doses  in  excess  of  SO  rad).  For  rainout,  this  hazard  results  from  residual  tniiatlon.  In 
genersl,  residual  radiation  ie  that  radiation  resulting  from  a nuclear  burst  that  is  emitted  at  times 
later  than  one  minute  after  the  burst.*  The  sources  of  this  residual  radiation  are  the  primary  fission 
products  and  the  induced  radiation  of  radioactive  debris. 

Residual  radiation  is  produced  by  both  fission  and  fusion  (thermonuclear)  bursts.  Fission  frag- 
ments arc  produced  when  a fissionable  atom  such  as  uranlun-235  absorbs  a neutron  and  splits  into  two 
or  more  smaller  nuclei  (see  Figure  1).  These  smaller  radioactive  nuclei  will  then  emit  beta  particles 
(hlgh-energ^r  electrons)  and  gg"™  rays  over  periods  of  hours,  days,  and  even  years.  The  intensity 
of  the  radiation  emitted  by  such  nuclei  decreases  with  time.  Induced  radiation  comes  about  when  many 
debris  materials  absorb  neutrons  emitted  by  fission  and  fusion  reactions  and  become  radioactive.  These 
debris  materials  consist  of  vuapon  debris  and  ground  debris.  The  weapon  debris  is  the  remainder  of 
the  weapon  materials  after  the  detonation,  excluding  fission  fragments.  The  ground  debris  may  con- 
sist of  soil,  rock,  vegetation,  metals,  and  other  materials.  This  induced-radioactive  debris  will 
then  emit  beta  particles  and  gantia  rays  for  long  periods  of  time,  and  with  an  intensity  which  de- 
creases with  time.  To  simplify  the  discussion  which  follows,  only  pure-flsslon  weapon  bursts  will 
be  Illustrated  as  examples,  although  the  rainout  process  is  equally  efficient  for  fusion  weapon 
bursts. 


HOW  ARE  THE  RADIOACTIVE  PARTICLES  FORMED? 


For  a near-surface,  surface,  or  subsurface  fission  burst,  ground  debris  is  swept  up  into  the 
nuclear  fireball  as  illustrated  by  the  arrows  in  Figure  2.  As  the  fireball  cools,  the  radioactive 
fission  fragments  and  some  of  the  induced-radioactive  debris  become  entrained  in  the  weapon  and  soil 
debris  to  form  particles  that  fall  to  the  ground  and  form  a pattern  called  "fallout."  This  fallout 
pattern  begins  forming  around  ground  zero  and  extends  to  large  distances  downwind  (see  Figure  3) . 

Due  to  the  different  fall  rates  for  the  various  sized  particles,  the  large  heavy  particles  fall  back 
to  the  surface  immediately  around  ground  zero  and  the  lighter  particles  reach  the  surface  at  later 
times  and  farther  downwind. 


i 
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*For  e sore  detailed  discussion  of  residual  radiation,  the  reader  is  referred  to  FM  3-12  and  DA 
Pam  39-3. 
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FIEVRE 1.  THE  PRIDUCTION  IF  FISSION  FRRSIIENTS  BY  THE 
FISSI0NIN8  OF  A PARENT  NOCLEHS. 
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FIEU'RE  3.  TIE  FALLOIT  PATTEIN ISVALLY  lESINS  ARIHND  6RI0ND 
ZERO  fMt  EXTENDS  DOWNWIND. 
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FI6URE  4.  THE  RUNOUT  PATTERN  SAN  DE  LARDER  OUT  LESS  INTENSE 
AT  DREATER  DISTANCES  DOWNWIND  DUE  TO  DEDRIS  CLOUD 
DIFFUSION. 
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A nuclMr  weapon  can  be  burst  auch  that  there  la  no  Interaction  if  the  fireball  with  the  ground 
(an  alrburat,  see  Figure  2),  Even  though  the  anounC  of  residual  radiation  frow  the  fission  fragments 
is  the  same  as  that  from  a surface  burst  of  the  saste  yield,  usually  no  militarily  significant  ha>:ard 
from  these  fission  fragments  appears  on  the  ground.  This  Is  because  an  alrburst  produces  radioac- 
tive particles  from  the  weapon  debris  and  fissionable  material  whose  dlaiseters  range  from  submicron 
to  several  microns  (one  micron  equals  10~°  meters).  About  65  to  90Z  of  the  total  mass  of  all  the 
particles  produced  consists  of  particles  having  diameters  between  0.1  and  1.0  micron.  In  the 
absence  of  rain,  this  small  size  allows  most  of  the  radioactivity  to  remain  aloft  for  extended 
periods  of  time.  Therefore,  no  militarily  significant  hazard  from  the  alrburat  fission  fragments 
and  radioactive  weapon  debris  appears  on  the  ground,  this  neglects  the  materials  on  the  surface 
of  the  earth  directly  beneath  the  burst  which  will  emit  Induced  radiation  after  being  subjected  to 
Initial  neutron  radiation  from  the  burst.  This  Induced  radiation  normally  remains  on  the  surface 
In  a circular  pattern  around  ground  zero. 


HOW  DOES  RAINGUT  OCCUR? 

Ralnout  (see  Figure  4)  may  occur  for  any  type  of  nuclear  burst  that  Introduces  residual  radla- 
tion  fnCft  'the  atmosphere:  subsurface,  surface,  near-surface,  or  alrburst.  TWo  different  processes 
may  be  involved  In  the  production  of  this  militarily  significant  hazard.  First,  when  the  radio- 
active debris  cloud  Is  mixed  with  a raln-p reducing  cloud  (see  Figure  5),  the  radioactive  particles 
can  become  attached  to  cloud  moisture  and  be  carried  to  the  ground  by  rain.  This  process  Is  called 
"ralnqur ■ ” Secondly,  when  the  radioactive  cloud  peases  under  a raln-produclng  cloud  from  which  rain 
is  falling  (see  Figure  6),  the  radioactive  particles  can  be  scavenged  and  carried  to  the  ground  by 
collision  with  and  cohesion  to  the  raindrops.  This  process  Is  called  "washout."  Both  the  ralnoi t 
and  the  washout  processes  are  referred  to  In  the  resM^cl^  community  as  ralnout  to  simplify  termin- 
ology since  the  result  is  tHe  saiae  - the  deposition  of  radioactive  particles  on  the  ground  by  rain. 


WHEN  AND  WHERE  WILL  RAINOUT  OCCUR? 

For  a surface-interacting  burst  where  radioactive  debris  Is  released  into  the  atiaosphare,  there 
will  always  be  fallout  (see  Figure  3).  In  order  to  have  ralnout.  however,  not  only  must  rain  occur, 
but  it  must  occur  near,  or  after  Interaction  with,  the  radioactive  debris  cloud  within  a few  hours 
after  the  nuclear  burst.  Although  considerable  research  has  recently  been  carried  out  on  ralnout 
hazards,  the  physics  of  particle  formation,  of  particle  distribution  within  the  debris  cloud,  and 
of  particle  scavenging  by  rain  are  still  not  completely  understood.  In  addition,  uncertainties  ex- 
ist In  the  ability  to  predict  where  rain  will  occur. 

In  comparison  to  the  prompt  hazard  area  around  ground  zero  caused  by  blast,  thermal  and  proaq>t 
radiation  effects,  the  militarily  significant  ralnout  hazard  area  may  be  larger,  but  will  not  nec- 
essarily cover  the  same  area  as  the  prompt  hazard.  A militarily  significant  ralnout  hazard  araa.  If 
one  occurs,  might  conceivably  be  many  tens  of  kilometers  downwind  (see  Figure  4).  The  rate  of  rain- 
fall must  usually  be  moderate  to  heavy  In  order  to  have  a militarily  significant  ralnout  hazard, 
because  mist  and  light  rain  normally  do  not  act  efficiently  in  scavenging  radioactive  particles  (or 
any  other  type  of  airborne  particles)  from  the  atmosphere. 


WHAT  MECHANISMS  ARE  RESPONSIBLE  FOR  RAINOUT? 

Several  mechanisms  have  been  Identified  which  provide  the  means  for  rain  clouds  to  Interact  with 
radioactive  debris.  For  ralnout  to  occur,  either  one-stage  or  two-stage  processes,  or  both,  take 
place.  The  size  of  the  water  drop  with  which  the  radioactive  debris  interacts  Is  the  factor  that 
determines  which  process  is  Important.  The  two  proceaaaa  and  the  more  isaportant  of  the  Identified 
mechanisms  tdilch  each  process  Involves  are: 

1.  Raindrop  (one-stage  process)  - the  water  drop  Is  large  enough  to  fall  due  to  gravity  from 
the  rain  cloud  to  the  ground  and  will  interact  with  debris  by: 

a.  Inertial  capture  - the  capture  of  suspended  debris  particles  by  collision  with  falling 
rain  drops.  This  process  Is  moet  efficient  when  the  debris  is  near  the  base  of  the  rain  cloud  where 
the  density  of  falling  rain  drops  Is  greatest. 

b.  Brownian  motion  - the  random  motion  of  submicron  particles  suspended  In  an  atmosphere, 
resulting  from  molecular  vibration  causing  the  particles  to  move  and  collide  with  the  surrounding 
molecules.  The  particles  (In  this  case,  submicron  radioactive  debr'a  particles)  consequently  bava 
substantially  more  collisions  with  water  drops  than  If  inertial  capture  only  was  involved. 
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mm  S.  UINIVT:  THE  RUIOICTIfE  DEIIIS  CLBHH  HIXES  WITH 
TIE  UIN  CLMD  AHP  RXIH  FILLS  TO  TIE  SHIFME  OF 
THE  EAITH. 


FIGOIE  0.  WASHOOT:  RAIH  FALLS  THIOOGI  TIE  lAOIOACTIVE  OEIRIS 
CLOOD  TO  THE  SIfIFACE  OF  THE  EARTH. 
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2.  Cloud  drop  or  droplet  (two-stage  process)  - the  water  droplet  In  the  cloud  is  not  large 
enough  for  gra/lty  to  overcow  the  Internal  forces  of  the  cloud  that  are  acting  on  the  droplet.  The 
droplets  Interact  with  radioactive  debris  and  then  must  be  collected  by  a falling  raindrop  In  order 
to  fall  to  the  ground.  Thus,  this  la  a two-stage  process.  The  nechanlaas  which  are  Involved  In 
this  process  are: 

a.  Brownian  notion  - sasw  as  lb  above. 

b.  Electrical  attacbnent  - the  attachnent  of  debrla  particles  to  cloud  droplets  caused  by 
the  presence  and  Interaction  of  electrical  charges  on  both. 

c.  Turbulent  attachawnt  - the  attachaent  of  the  radioactive  debris  due  to  the  collision 
of  thu  debris  with  water  droplets  caused  by  Che  turbulence  associated  with  eddies  in  the  atmom- 
phers  In  and  around  rain  clouda.  Cloud  turbulence  will  affect  a large  volusw  of  the  atnosphere 
outside  the  cloud  and  will  Incorporate  suspended  particles  from  this  external  region  Into  the  cloud, 
therebiy  concentrating  the  particles. 

d.  Nucleatlon  - Che  debris  particles  acting  as  condensation  sites  for  cloud  moisture.  The 
sire  and  physical  state  of  the  debrla  particles  determine  If  the  particles  can  serve  as  condensation 
nuclei.  The  process  of  nucleatlon  has  Che  greatest  probability  of  occurring  In  the  region  of  the 
greatest  moisture  content  — generelly  In  the  base  of  the  cloud. 

e.  Dlffuslophoreels  and  thermophoreals  - the  Influences  on  the  motion  of  the  debris  parti- 
cles resulting  from  nonunlformltles  In  the  atmoephere.  Dlffuslophoreals  la  the  movement  of  particles 
In  the  direction  of  the  flow  of  water  molecules,  which  Is  caused  by  the  heat  flow  In  the  atmosphere. 
Thermophoreals  Is  the  movement  of  particles  In  the  direction  of  the  flow  of  heat.  These  procesaee 
are  of  concern  since  heat  and  water  vapor  flows  are  usually  associated  with  the  evaporation  and/or 
condennatlon  growth  of  water  droplets. 


WHAT  YIELDS  ARE  OF  IMTBnBST  vng  POTENTIAL  RAIMOOT  HAZARDS? 

The  yield  of  a nuclear  weapon  la  significant  because  different  yields  will  produce  radioactive 
debris  clouds  of  different  sixes  and  «dilch  stabilise  at  different  heights.  For  example,  tbe  bottom 
of  the  (itablllxed  cloud  for  a 2 KT  nuclear  burst  will  be  at  approximately  2.5  kilometers  and  Its  top 
will  reach  approximately  5 kilometers.  For  many  parts  of  the  world,  to  Include  Western  Europe,  these 
are  the  altitudes  In  which  a great  deal  of  rain  cloud  activity  occurs.  Stabilised  cloud  helots  will 
normally  be  lower  for  ylelde  smaller  than  2 KT  and  hlj^ar  for  yields  larger  than  2 KT.  Thus,  It  Is 
the  low  end  of  tbe  yield  spectrum  (l.e.,  less  than  appcoxlmstely  10  KT)  which  poses  the  greatest  po- 
tential hasard  for  ralnout.  This  Is  because  debris  clouda  Interact  most  efficiently  with  rain  clouds 
at  or  below  the  base  of  the  rain  cloud. 


WHAT  IS  THE  POTEMTIAL  HAZARD  OF  RAIMOOT7 

Kalnout  Is  a potential  militarily  significant  hasard  from  the  standpoints  of  friendly  troop  safety 
and  collateral  damage.  Troop  safety  and  avoidance  of  collateral  damage  are  always  considered  In  the 
planning  for  and  employment  of  friendly  nuclear  weapons.  Coosund  directives  specify  tbe  degree  of 
risk  for  friendly  troop  safety  and  guidelines  for  avoiding  collateral  damage.  In  this  sense,  poten- 
tial and/or  existing  rain  storm  canters  should  be  evaluated  for  possible  Interaction  with  nuclear 
debris  clouds  since  ralnout  could  affect  friendly  troop  performance  of  their  mission  and  even  cause 
large  numbers  of  casualties.  From  a collateral  damage  standpoint,  tbe  ralnout  hastrd  to  friendly 
civilians  from  an  airburst  of  a nuclear  weapon  could  conceivably  be  worse  in  some  Instances  than  the 
fallout  hazard  from  a surface  burst  of  the  same  yield. 

Ralnout  resulting  from  enemy  nuclear  detonations  can  also  be  a hazard  to  friendly  troops  and  ci- 
vilians. After  an  enemy  nuclear  burst  occurs,  friendly  troops  and  civilians  In  the  downwind  direc- 
tion from  the  burst  can  be  warned.  The  friendly  troops  should  follow  established  radiation  monitor- 
ing and  reporting  procedures  for  radioactivity  In  tbelr  areas.  In  addition  to  seeking  shelter. 
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KtlAT  ARE  SOME  FACTORS  WHICH  AFFECT  THE  LIKELIHOOD  OF  KAIMOiri? 


R«lt«ratliig  Bomei  of  tha  aaln  polnta  abova,  aavaral  factors  aust  .oabina  to  produca  the  aar.aaa- 
ary  ataospharlc  and  phyaical  conditions  fer  ralnout  to  occur.  Soae  of  thasa  are: 

1.  Occuiranea  of  rain:  lain  clouds  aust  ba  avallabla  to  Interact  with  tha  dabrls  cloud. 

2.  Wind  speed  and  direction:  Tha  nuclear  debris  cloud  aust  Interact  with  tha  rain  clouds.  For 
this  to  happen,  ataospharlc  conditions  (wind  spaed,  wind  shear,  wind  direction)  aust  allow  the  autual 
aoveaant  of  the  two  cloud  canters  so  that  they  Interact. 

3.  Yield:  The  yield  of  tha  nuclear  burst  will.  In  general,  dataralne  tho  height  of  tha  stabi- 
lized debris  cloud.  If  the  yield  Is  too  large  (abova  approxlaately  60  KT),  the  stabilized  cloud  la 
not  likely  to  Interact  with  any  rain  clouds  because  It  will  rise  high  above  thea.  However,  an  excep- 
tion to  this  tmuld  be  a burst  occurring  beneath  an  axlatlng  rain  cloud  frosi  which  rain  is  falling 

at  the  tlsa,  and  then  Che  dabrls  cloud  rising  through  It. 

4.  Height  of  burst:  If  the  fireball  Interacts  with  the  surface  of  the  earth,  tha  average  size 
of  tha  radioactive  particles  will  ba  large  enough  so  that  aost  (50  to  602}  of  Che  particles  will 
fall  to  the  surface  In  a relatively  short  period  of  tlsM  (several  hours).  Tha  leaalnde?  of  tha 
radioactive  particles  froa  the  burst  will  raaain  suspended  In  the  ataosphera  for  long  periods  of 
tlae.  For  no  Interaction  of  tha  fireball  with  Che  surface  (an  alrburst),  no  fallout  hazard  will 
exist  and  the  radioactive  particles  will  raaain  r^uepanded  for  vary  long  perlodo  of  tlae.  This 
suspended  radioactive  debris  will  then  be  available  for  Interaction  with  raln-produclng  clouds  and 
can  be  carried  to  the  surface  as  ralnout. 

WHAT  IS  THE  OPEBATIOHAL  SIGNIFICANCE  OF  RAINOUT? 

The  operational  alffilflcance  of  ralnout  on  the  nuclear  battlefield  can  ba  stasarlsed  as  follows: 

1.  Militarily  significant  ralnout  hazards  aay  occur  froa  any  type  of  nuclear  burst  (subsurface, 
surfaca,  near-surface,  or  alrburst)  that  releasee  radioactive  debris  particles  Into  the  ataosphere. 
However,  Che  yields  which  are  aoat  likely  to  produce  the  greatest  hazards  are  Chose  leas  than  10  KT. 
Yields  greater  chan  60  KT  are  not  expected  to  produce  ralnout  hazards  except  as  discussed  sbove. 

Those  yields  In  the  range  of  10-60  KT  aay  produce  ralnout  hazards.  These  hazards  are  expected  to  be 
auch  less  than  those  froa  yields  leas  than  10  KT  because  there  will  usually  be  auch  lass  interaction 
between  those  debris  clouds  and  raln-produclng  clouds. 

2.  The  probability  that  ralnout  will  occur  Is  low  for  s single  burst  because  of  Its  dependence 
on  weather  conditions,  yield,  and  height  of  burst.  However,  the  probability  Increases  as  the  nuaber 
of  bursts  Increases  ovar  a short  tlaw  span  on  the  battlefield  because  of  the  Increaee  In  the  radlo- 
setive  debris  In  the  ataosphere.  Under  the  present  as^loyaent  concepts,  aany  nuclear  bursts  could 
occur  In  a vary  short  period  of  tlae  (up  to  a few  hours).  Increasing  the  aaount  of  radioactive  debris 
In  the  staosphere  manyfold. 

3.  The  ralnout  pattern  aay  be  saall  but  exhibit  vary  high  radiation  levels,  particularly  If  It 
occurs  In  the  vicinity  of  ground  zero  at  the  tlae  of  burst.  As  the  debris  cloud  novas  downwind.  It 
will  diffuse  in  the  staosphere.  If  ralnout  occurs  far  downwind,  the  area  of  the  allltarlly  signi- 
ficant ralnout  aay  be  larger  than  that  at  ground  zero,  but  the  radiation  levels  aay  be  auch  lass. 

4.  The  location  of  the  ralnout  pattern  Is  essentially  unpredictable  at  the  time  of  the  nuclear 
burst  because  of  the  uncertainties  associated  with  weather  prediction. 

5.  Ralnout  con  be  a allltarlly  significant  hazard  to  both  friendly  and  eneay  troops  and  aay 
affect  their  tactical  operations  and  aoveasnts.  Established  procedures  for  aonltoring  and  reporting 
residual  radiation  should  be  followed. 


WHAT  SHOULD  BE  DOME  ABOUT  RAIMOUT? 

Based  on  the  current  knowledge  of  rslnout,  the  following  courses  of  action  are  available  for  alnl- 
aizlng  its  impact  on  the  nuclear  battlefield: 

1.  The  commander  sliould  be  aware  of  the  potential  existence  of  ralnout  whes^ever  a nuclear  burst 
occurs,  and  for  a period  of  time  afterward. 
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2.  UlMn  ch«  allltary  •Itiwtloa  alloiw,  Um  «aplo)fMiiC  of  nuclMr  wopoiui  by  (rlawlly  ualto 
should  bo  plonikod  for  tlaoo  ood  locotlooa  uhaa  otaoopharlc  coadltlooa  will  bo  unllholy  to  produco  la- 
toraction  of  rain  clouds  with  radlooctlvo  dobria  clouds,  orovldsd  that  tbs  slaalon  cun  still  ba 
accooii  llohsd. 

3.  Tha  possibility  of  ralnout  rsl4iforcas  tbs  nssd  for  strict  adbarsaoa  to  currsaA  cparatianal 
procsduraa  for  tha  nuclsar  battlafisld.  Aftsr  nuolsar  bursts,  troops  aust  aonitor  thslr  sovironasnt 
with  rad;Vscaatsrs  for  radioactivity  and  taka  vbaCsvsr  protsctlvs  asssuras  poaaibla  to  pravant  casual- 
tlas. 


what  is  the  status  of  THK  PROBUMT 

Until  accucau  ralnout  pradlcti^aw  can  ba  aada,  couraoa  of  action  avullabla  for  frlandly  troopa 
to  ainiaiiia  tha  hasard  ara  liaitad  to  thoaa  dascrib^  in  tha  pravlous  aactloa.  In  tbs  aaantlas,  ra- 
aaarch  la  in  prosrasa  to  dataraina  tha  axtant  of  tha  throat  by  ralnout,  to  dafina  tha  paraaatora  for 
its  occurranca,  and  to  taduca  tha  inharant  ralnout  hasard  of  frlandly  nuclsar  aoapons. 
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